Psychological stress is thought to increase vulnerability to illness. The hypothalamic-pituitary-adrenal (HPA) axis has been considered as a pathway along which psychological stresses are transposed into impaired immune function [1] [2] [3] . Among many indices of immune function, natural killer (NK) cell activity and NK cell subsets have been of interest to researchers because NK cells are known to be important in host defense against viral disease and they appear to play a significant role in protection against neoplastic growth 4) . Studies concerning the effects of psychological stress on immune function have mainly dealt with depression or life events. Human studies have indicated that long lasting life stress is associated with a decrement of NK cell activity [5] [6] [7] . Metaanalysis has also demonstrated a decrease in NK activity with chronic life stress 8, 9) . In the field of occupational health, cell activity and the proportion or numbers of NK cell subsets (CD16 + 57 + ) were shown to decrease with depersonalization (DP) scores of the Maslach Burnout Inventory (MBI) among office workers 10) . While the decrements of these indices associated with the level of job stress 11, 12) or overwork 13) , were also reported, further findings are necessary to fully understand this issue. In addition, few studies have evaluated the differences among sorts of job stressors in effects on NK cell function.
The aims of this study were to investigate the effects of chronic job stress on cellular immune function, such as NK cell activity and NK cell subset, and to investigate what sorts of job stress would affect cellular immune function. Nurses were selected for this investigation as they are considered to be under particularly high psychological stress.
Materials and Methods

Subjects
The study population was 115 women aged 23-59, who worked in a public hospital for the mentally disturbed in Ishikawa, Japan. The research protocol was approved by the ethical review committee of Kanazawa Medical University. All participants were fully informed of the procedure of this study and 70 women (60.9%) provided informed consent for participation. Nine women were excluded because they were taking medication, they smoked or they had a cold, all of which are factors known to affect the immune system. The remaining 61 participants had a mean age of 42.9 ± 8.5 yr. Table 1 shows the demographic features and occupational characteristics of the subjects by tertile of age. Sixteen nurses (26.2%) held managerial positions in the hospital and 15 nurses belonged to the highest age group. Fortyeight nurses (78.7%) were shift workers. Most subjects in all age categories except the highest age group were shift workers. Twenty of 21 nurses belonging to the medium age group were married and living with their children, therefore, job position, shift work and family structure were found to depend on age.
Questionnaires
Each subject completed 24-h pre-sampling sleep diaries. They also completed the Nursing Job Stressor Scale (NJSS) 14, 15) . The NJSS consists of 33 items that describe potentially stressful situations for nurses in the performance of their duties. Nurses were asked how intensely they experienced these situations in their present workplace. The four allowed responses were: (1) rarely noticeable, (2) mild, (3) quite strong, and (4) very strong. A value of zero was given if the respondent indicated that she never experienced strain. There are seven subscales: conflict with other nursing staff, nursing role conflict, conflict with physicians or autonomy, conflict with death or dying, quantitative work load, qualitative work load and conflict with patients.
Blood sampling and immunological analysis
Heparinized venous blood was taken between 08.00 and 09.00 before the start of the daytime shift. Participants were not allowed to eat or move vigorously for 30 min before blood sampling. The immune parameters that were evaluated were NK cell activity and lymphocyte surface antigens (assayed by BML Inc., Tokyo, Japan). NK cell activity was measured by a standard chromium release assay 16) . The effector/target (E/T) ratios were 20:1. Percent cytotoxicity was calculated. Lymphocyte populations were analyzed with dual color direct immunofluorescence on a flowcytometer (Cytoron-Absolute, Ortho, USA). Available commercial fluorescein isothiocyanate (FITC) or phyco-erythrin (PE) monoclonal antibodies that recognize NK cell surface antigens were CD16-FITC and CD56-PE (BD Bioscience Pharmingen, USA). Estimates of absolute numbers of the NK cell populations were determined by multiplying peripheral lymphocyte counts by the percentage of surface marker.
Statistical analysis
Statistical analyses were performed using SPSS software version 11.0. One way analysis of variance (ANOVA) was applied to test the effects of age on immune parameters and job stress level. The evaluations of factors related to immune parameters were carried out by a simple regression model and analysis of covariance (ANCOVA) using the scores of NJSS subscales classified into low, medium and high according to the tertile distribution. If an overall ANCOVA test showed a significant difference, then Tukey's multiple comparison test was carried out as well. Table 2 shows mean NJSS subscale scores, NK cell activity, and NK cell subset by age group according to the tertile distribution. Among the NJSS subscales, the qualitative work load was found to be significantly higher among the medium age group. No significant differences were observed for immunological variables, such as NK Figure 2 shows estimated mean values of NK cell activity, and the proportion and cell counts of CD16 
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+ lymphocytes by the groups of qualitative work load. The relations between qualitative work load and immunological variables were not linear. Each immunological variable was the highest in the medium qualitative group of work load. There was a statistically significant difference between the medium and low qualitative work load groups in the proportion of 
Discussion
The aim of this study was to investigate the effects of job stress on cellular immune function. Nurses who worked in a public psychiatric hospital participated by allowing the evaluation of their NK cell activity and the proportion and cell numbers of the NK cell subset: CD16 + 56 + lymphocytes. We used the Nursing Job Stressor scale as a measure of chronic professional stress 14, 15) . It has been reported that immunological function is influenced by lifestyle habits such as smoking and sleep deprivation [17] [18] [19] [20] [21] . Since the numbers of smokers were quite small among the subjects, we excluded them from the analysis. The analysis was adjusted for confounding factors, such as age and sleeping hours in the night before sampling. Other occupational factors, such as employment position and working style (shift work or fixed daytime work) depended on age. Therefore, these occupational factors were not included in the analytic model to avoid a multi-collinearity.
Two of the seven subscales of the NJSS, quantitative work load and qualitative work load, were significantly related to the immune variables. Quantitative work load was inversely related to NK cell activity with statistical significance, and the proportion and cell counts of CD16 + 56 + lymphocyte also tended to decrease with quantitative work load. Therefore, we considered that the decrement of NK cell activity with quantitative work load was due to a decrease in the number of NK cells. The qualitative work load of NJSS increased the proportion of CD16 + 56 + lymphocyte to a certain extent, but NK cell activity was not increased with the increase of the proportion of CD16 + 56 + lymphocyte. Under the highest qualitative work load, the NK cell activity was the lowest. Therefore, we considered that qualitative work load had a negative effect on NK cell function. These results are compatible with the other reports finding decrement of NK cell activity and NK cell subsets with chronic stress. Meta-analysis demonstrated a decrease in NK cell activity with chronic life stress 8, 9) . For job stress, the decrements of NK cell activity and proportion or number of NK cell subsets were reported in relation with the Maslach Burnout Inventory (MBI) 10) , job stress 11, 12) and overwork 13) . Other reports dealing with the effects of job stress on T cell function or T cell subpopulations showed inverse relationships between the two 11, 22, 23) .
Our study revealed that quantitative work load was the strongest predictor for NK cell function among seven subscales of job stress for nurses. Quantitative work load was found to predict the syndrome of burnout as measured by the Maslach Burnout Inventory (MBI) and was considered to be a primary factor for the burnout syndrome in a cross sectional study 15) . Further study is needed to investigate whether quantitative work load influenced NK cell function directly or via psychological response. In either case, controlling quantitative work load would reduce its negative effects on cellular immune function.
In the present study, we did not evaluate the stress outside the workplace, such as difficulties of daily life. Perceived job stress would be influenced by the stress level from outside the workplace. However, a more comprehensive study evaluating stress level from both sides of workplace and daily life should be carried out. Also, our study population had special characteristics, since they were nurses in a public hospital for the mentally disturbed. However, the subscales detected as significant predictors of cellular immune function were quantitative work load and qualitative work load which are common characteristics for all jobs. Therefore, the results of our study would bear generalization to all jobs.
In conclusion, we investigated the effects of job stress on NK cell activity and NK cell subset and what sorts of job stress would affect cellular immune function. Our study revealed that the perceived job stress, particularly quantitative work load, reduced NK cell activity through a decrease in NK cell numbers. The data suggest that psychological mechanisms in stress are associated with cellular immune function. More research is needed to investigate whether these immunological findings are associated with vulnerability or not.
